We report the discovery of VVV-WIT-04, a near-infrared variable source towards the Galactic disk located ∼0.2 arcsec apart from the position of the radio source PMN J1515-5559. The object was found serendipitously in the near-IR data of the ESO public survey VISTA Variables in the Vía Láctea (VVV). Our analysis is based on variability, multicolor, and proper motion data from VVV and VVV eXtended surveys, complemented with archive data at longer wavelengths. We suggest that VVV-WIT-04 has an extragalactic origin as the near-IR counterpart of PMN J1515-5559. The K s -band light-curve of VVV-WIT-04 is highly variable and consistent with that of an Optically Violent Variable (OVV) quasar. The variability in the near-IR can be interpreted as the redshifted optical variability. Residuals to the proper motion varies with the magnitude suggesting contamination by a blended source. Alternative scenarios, including a transient event such as a nova or supernova, or even a binary microlensing event are not in agreement with the available data.
INTRODUCTION
In the past years, the VISTA Variables in the Vía Láctea (VVV) survey has scanned our Milky Way (MW) galaxy in the near-infrared (near-IR) searching for variable sources (Minniti et al. 2010; Saito et al. 2012) . VVV is an European Based on observations taken within the ESO Public Surveys VVV and VVVX, Programme IDs 179. B-2002 and 198.B-2004, respectively .
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Southern Observatory (ESO) variability survey, focused on unveiling the 3-dimensional structure of the Milky Way using distance indicators such as pulsating RR Lyrae and Cepheids, as well as red clump stars. In 2016 the complementary VVV eXtended Survey (VVVX, Minniti 2018) started observations, widening the survey area. It is also revisiting the original VVV footprint, thus extending the original time baseline as a result of combining both the VVV and VVVX datasets. Besides its main goal, VVV has also contributed to the discovery and study of variable sources such as eclipsing bi- Figure 1 . K s -band light-curve of VVV-WIT-04 combining data from the VVV and VVVX surveys. There is a total of 111 data-points spanning from March 31, 2010 to April 3, 2018. The two epochs of WISE observations as well as the epochs for the multicolour VVV data are marked. "W1234" means WISE observations in the four filters (W 1, W 2, W 3 and W 4) while "W12" represents WISE observations only in W 1 and W 2.
naries, young stellar objects, planetary transits, RR Lyrae and Cepheid variables, etc. Specifically, a search for transient sources such as microlensing events and novae outbursts has resulted in the discovery of a large number of new events in the inner MW (e.g., Saito et al. 2013 Saito et al. , 2016 Navarro et al. 2017 Navarro et al. , 2018 . Among the targets found as high-amplitude transient sources in the VVV data, some caught our attention because their behaviour does not seem to fit the currently known classes of stellar variability. We named these targets as "What Is This" (WIT) objects. These rare sources include SN candidates in the MW or behind it (VVV-WIT-01 and VVV-WIT-06, Minniti et al. 2012 Minniti et al. , 2017 ) and a possible second example of the "Tabby's star" (VVV-WIT-07, Saito et al. 2019 ).
VVV-WIT-04 is a transient source located ∼0.2 arcsec apart from the position of the radio source PMN J1515−5559 in the inner MW disk (Wright et al. 1994) , discovered in a search for large amplitude objects in the VVV data (Saito et al. 2015) . VVV observations during years 2010−2013 showed VVV-WIT-04 increasing in brightness by ∆K s > 2.5 mag. Based on the VVV K s -band light-curve limited to the 2013 season, Saito et al. (2015) suggested that it was a Galactic nova or even a supernova in a galaxy behind the Milky Way.
Here we present an analysis of VVV-WIT-04 based on the VVV/VVVX variability, multicolor, and proper motion data covering 2010−2018. Complementary archive data in the mid/far infrared and radio aided in the analysis and interpretation. We suggest that VVV-WIT-04 is the near-IR counterpart of the radio-source PMN J1515−5559. The variability in the near-IR is consistent with an Optically Violent Variable (OVV), and can be interpreted by the optical variability shifted towards longer wavelengths. Alternative sce- Table 1 ). The field size is 1.5 × 1, 2 and oriented in equatorial coordinates. North is towards the top and East towards the left. The reticle at the centre marks VVV-WIT-04. We note that the object is the reddest source in the field.
narios are also discussed, none of which is fully consistent with the available data.
OBSERVATIONS AND ARCHIVE DATA
The VVV observational strategy consists in two sets of quasi-simultaneous ZY and JHK s photometry, and a variability campaign in the K s -band with 50 − 200 epochs car- ried out over many years (2010 − 2016) . The strategy of the VVVX Survey is similar consisting of JHK s photometry plus 3 to 10 epochs in K s -band. VVV-WIT-04 is located in the VVV tile d133, towards the Galactic disk. In particular, ZY data for this tile were collected on Mar 30, 2010 and May 03, 2015 while JHK s observations were taken on Apr 01, 2010 and May 28, 2015 (see Table 1 ). In addition to the colour data, a total of 63 K s -band observations spanning from Mar 31, 2010 to Apr 28, 2018 were also taken with irregular cadence.
The standard VVV data are based on aperture photometry provided by the Cambridge Astronomical Survey Unit (CASU) on the stacked VVV tile images (see Saito et al. 2012 , for details). Due to a high crowding in the inner disk -where VVV-WIT-04 is located -both colour and variability data presented here are based on PSF photometry performed on the VVV images (e.g., Contreras Smith et al. 2018) , unlike the 2010-2013 VVV CASU data presented in Saito et al. (2015) . The K s -band light-curve of VVV-WIT-04 combining PSF data from the VVV and VVVX surveys is presented in Fig. 1 .
VVV-WIT-04 is located at coordinates RA, DEC (J2000)=15:15:12.69, −55:59:32.78, corresponding to l, b=−37.869,1.432 deg. The position coincides within ∼ 0.2 arcsec with the radio source PMN J1515−5559 (= LQAC 228-055 001, Wright et al. 1994; Souchay et al. 2015; Gattano et al. 2018 A false-color image of the VVV-WIT-04 area produced from the JHK s 2010 images is shown in Fig. 2 : VVV-WIT-04 appears as a faint point source, much redder than the surrounding field stars. According to the VVV extinction maps ) the region has a total extinction of A K s = 0.77 mag, corresponding to A V = 6.52 mag, assuming the law of Cardelli et al. (1989) . These values are similar to those in Schlafly & Finkbeiner (2011) , where A K = 0.73 mag and A V = 6.65 mag.
An archive search at the VVV-WIT-04 position resulted in few measurements at longer wavelengths. Two sets of observations with Wide-field Infrared Survey Explorer (WISE) were secured on February and August 2010 (Cutri et al. 2012; Cutri & et al. 2013a ) the latter being simultaneous with our VVV data. In the following Sections as well as in Table 1 the WISE magnitudes are mean values over a dozen observations taken within approximately 1 day interval by this satellite (see Fig. 5 ). The complete WISE dataset is presented in the Appendix A. Besides the measurements in the VLBI Source Position Catalogue (Petrov et al. 2019) taken in Dec 2009 at 8.6 GHz, PMN J1515−5559 was also observed by the Parkes-MIT-NRAO (PMN) Survey (Wright et al. 1994) (Cardelli et al. 1989 ) extinction law, is also shown in both panels. In the CCD dashed lines mark the region populated by quasars found behind the Magellanic Clouds using VISTA data (adapted from Ivanov et al. 2016) . The colors of VVV-WIT-04 are consistent with a very reddened quasar. 
DISCUSSION
VVV-WIT-04 was found serendipitously during a search for high amplitude variables in the VVV data (Saito et al. 2013 (Saito et al. , 2016 . As shown in Saito et al. (2015) Fig. 3 . Both diagrams show that VVV-WIT-04 does not have typical star colors. In fact, the VVV colors of VVV-WIT-04 are in full agreement with a very reddened quasar, similar to the ones found behind the Magellanic Clouds by Ivanov et al. (2016) using VISTA data, when applied the extinction of A V = 6.52 mag towards the position of VVV-WIT-04 (see Section 2). Its WISE colors are also consistent with an AGN (e.g., Mateos et al. 2012; Maitra et al. 2019 ).
Proper motions from the VVV Infrared Astrometric Catalogue (VIRAC, Smith et al. 2018) show that the residuals to the proper motion varies as a function of the magnitude for the K s -band observations by up to 100 mas, as shown in Fig. 4 . That correlation suggests contamination by a blended, faint source. When VVV-WIT-04 is in the highstate it dominates the target position. On the other hand, when it is faint the contamination is stronger, moving the centroid towards the position of the blended contaminant source. The WISE observations also present variations in the mid-IR (see Fig. 5 ). In Feb 2010 the object is seen at mean magnitude W1 = 13.10 mag with (W1 − W2) = 0.84 mag compared with W1 = 13.84 mag with (W1 −W2) = −0.04 mag in Aug 2010.
POSSIBLE INTERPRETATIONS
Quasi-stellar radio sources -Quasars -are luminous active galactic nuclei (AGN). These extragalactic objects are intrinsically blue, but due to local or Galactic absorption, sometimes appear as red(dened) point sources, closely mimicking a distant star. Within the Quasar's zoo are the Optically Violent Variable (OVV) quasars, which are a type of rare, highly variable quasars, proposed to be unified under the class of Flat Spectrum Radio Quasars (FSRQ). OVVs are characterized by very rapid variability, high and variable polarization as well as high brightness temperatures (Urry & Padovani 1995) . A well studied case is the OVV 3C 279, with multiwavelength coverage over many years (Kartaltepe & Balonek 2007; Patiño-Álvarez et al. 2018 Patiño-Álvarez et al. , 1990 Patiño-Álvarez et al. −2002 Patiño-Álvarez et al. , 2008 Patiño-Álvarez et al. −2014 . In the optical and near-IR, 3C 279 presents variations as large as 4 mag on different timescales.
Close to the OVVs are the BL Lac objects, which are also variable AGNs presenting a spectral energy distribution (SED) similar to FSRQs. BL Lacs and OVVs are blazar sub-types, which embrace all quasars with the relativistic jet closely aligned to the line of sight of the observer. Compared with the OVVs, BL Lac objects are generally less luminous and present a relatively featureless spectrum, with weak emission or absorption lines. In blazars both optical and near-IR variability time-scales depend on the distance from the emitting region to the central engine and range from months to hours, the latter indicating that the source is compact (Ghisellini et al. 2011a,b , and references therein).
VVV-WIT-04 is a point source located ∼ 0.20 arcsec apart from the position of PMN J1515-5559. Catalogued as the quasar LQAC 228-055 001 (Souchay et al. 2015; Gattano et al. 2018) , the archive radio data of PMN J1515-5559 are consistent with non-thermal radiation from a compact radio source as expected for an AGN. As discussed in Section 3 (see also Figures 2 and 3 ) the colour of VVV-WIT-04 is not a typical star colour, but rather it is in agreement with a very reddened quasar (e.g., Mateos et al. 2012; Ivanov et al. 2016; Maitra et al. 2019) , leading us to suggest that VVV-WIT-04 has an extragalactic origin as the near-IR counterpart of PMN J1515-5559.
In the scenario, the near-IR counterpart is highly variable in time as shown by our VVV light-curve as well as the WISE archive data. In particular, the VVV light-curve resembles the ones obtained by Patiño-Álvarez et al. (2018, see their Fig. 3 ) for the OVV 3C 279. However, 3C 279 is observed to vary also at optical wavelengths, as Optically Violent Variable Quasar should behave, while no optical date are available to verify the behaviour of VVV-WIT-04 at shorter wavelengths. The absence of optical data is probably due to the high extinction. In fact, for a galaxy behind the MW, the total extinction as calculated by the VVV maps is probably underestimated.
Our source has an observed magnitude of K s = 16.5 mag in its "quiescent phase", which corresponds to a derredened magnitude of K s ∼ 15 mag, assuming an extinction of A K s = 1.54 mag (with the caveat cited above). By comparing this magnitude to that of 3C 279 (K=10.9 mag from the 2MASS point source catalog; Cutri, et al. 2003b) we can infer that VVV-WIT-04 is 6.5 times more distant. Based on the WMAP nine-year model cosmolgy (Hinshaw 2012) , and on a redshift of z = 0.536 (Marziani et al. 1996) , the luminosity distance to 3C 279 is 3.13 Gpc. Were VVV-WIT-04 to have the same luminosity as this prototypical OVV QSO, its magnitude would imply a redshift of z = 2.46. Therefore, it is reasonable to assume that the variability we detect in the near infrared could simply be the optical variability shifted towards longer wavelengths due to the recessional velocity of the source.
Previous interpretations of VVV-WIT-04 as a transient event such as a nova or even a supernova (Saito et al. 2015) do not agree with the current data, especially because of the irregular behaviour during seasons 2013−2018 -as example of the secondary peak of ∆K s ∼1 mag observed on May 2015 -since the remnant of a nova or a supernova is expected to decline in brightness slowly and steadily with time. That would not be the first case where a variable quasar is misinterpreted as a high amplitude stellar source. For instance, J004457+4123 (= Sharov 21, Sharov et al. 1998 ) was first announced as a remarkable nova in M31 and later confirmed as a background quasar with a strong UV flare (Meusinger et al. 2010) .
We have also considered other kinds of sources highly variable in the near-IR. Some microlensing events, for example, can have large amplitudes. The amplitude of a microlensing event is related to the impact parameter (Paczynski 1986), therefore, a considerable increase in the brightness of a source can be explained with this effect. In this case, the curve may resemble a binary microlensing event due to the two most pronounced peaks around MJD∼56400 and MJD∼57200. To evaluate this scenario we fitted the lightcurve using the python Light-curve Identification and Microlensing Analysis (PyLima, Bachelet et al. 2017) . The fit does not follow the observational data neither in the base (which is not constant) nor during the increases in brightness. Moreover, colour changes are not expected during microlensing events, contrary to the observed in VVV-WIT-04. For these reasons we disfavor the possible explanation of this object as a microlensing event.
CONCLUSIONS
We have presented VVV-WIT-04, a variable source identified by the VVV survey towards the Galactic disk at the position of the radio source PMN J1515-5559. Based on VVV/VVVX variability, multicolor, and proper motion data our analysis suggests that VVV-WIT-04 has an extragalactic origin as the near-IR counterpart of the radio-source PMN J1515−5559, with characteristics of an Optically Violent Variable (OVV) quasar. The near-IR variability can be interpreted as the redshifted optical variability. Residuals to the proper motion suggest that VVV-WIT-04 is blended with a nearby source, probably a faint star in the foreground Milky Way disk. Alternative scenarios, including a transient event such as a nova or supernova outburst as proposed by Saito et al. (2015) , or even a binary microlensing event have also been discussed and are not in agreement with the currently available data, including the variability pattern and colours, which disfavors all the listed hypotheses.
The absence of spectroscopic information makes difficult to unequivocally classify VVV-WIT-04 among the AGN variable sub-types, since the classification is also based on spectral features. For instance, OVVs, BL Lacs or even UltraLuminous InfraRed Galaxies (ULIRGs) could present similar variability behaviour in the optical/near-IR, despite the differences in the luminosity and spectra (e.g., Lonsdale et al. 2006; Ghisellini et al. 2011b; Dexter, & Begelman 2019; Gopal-Krishna et al. 2019) .
Compact radio sources are distributed over the whole celestial sphere, including towards the Galactic plane (e.g., Petrov et al. 2019 ). Similar to VVV-WIT-04 (= PMN J1515-5559), other violent variable near-IR counterparts of radio sources should be present in the database of recent completed (e.g., VVV and UKIDSS-GPS, Lucas et al. 2008) and ongoing (e.g., VVVX) IR multiepoch surveys of the inner Galaxy. A search for high amplitude near-IR variability at the position of radio sources in these surveys should reveal new interesting objects as is the case of VVV-WIT-04. 
